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INTRAORAL RADIOGRAPHIC SENSORS
WITH CABLES HAVING INCREASED USER
COMFORT AND METHODS OF USING THE

SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a non-provisional application which
claims priority from U.S. Ser. No. 61/672,710, filed Jul. 17,
2012, the disclosure of which i1s specifically incorporated
herein by reference. This application 1s also a continuation-
in-part of U.S. Ser. No. 13/673,763, filed Nov. 9, 2012, the
disclosure of which 1s also specifically incorporated herein by
reference.

FIELD OF THE INVENTION

The present mvention 1s in the field of intraoral radio-
graphic sensors and their methods of use and, more particu-
larly, to increasing patient comifort during such use.

BACKGROUND OF THE INVENTION

Radiographs are fundamental to most dental diagnostic
procedures. However, a common complaint and problem dur-
ing radiographic exams 1s patient discomifort during the
placement of radiographic sensors within the mouth. The
majority of these complaints mvolve the placement of the
radiographic sensor 1n the posterior maxillary and mandibu-
lar arches of the patient. This problem 1s primarily due to the
limited space available for proper placement of the sensors
within these regions. This has been a problem since the incep-
tion of dental radiography using standard x-ray film technol-
0gy.

Recently, solid-state x-ray sensors have been developed
that replace film. The patient discomiort problem for these
sensors 1s even greater because these devices are rigid by
nature and cannot be bent like film to conform to the patient’s
anatomy.

As noted in U.S. Pat. No. 7,916,200, the disclosure of
which 1s specifically incorporated herein by reference, a
radiological 1maging sensor normally comprises a semicon-
ductor chip having a matrix of photosensitive members and
linked electronic circuits, a printed circuit board on which the
chip and possibly some other components are mounted, a
scintallator covering the chip, and occasionally a fiber-optic
plate inserted between the scintillator and the chip. The unitis
contained 1n a resin package from which a connection cable
may extend to a system for processing the collected 1images
(except 1n the case of wireless transmission, 1n which case a
battery 1s provided, as a rule, 1n the package). The package
conforms as closely as possible to the shape of the chip so as
not to create unnecessary bulk. The shape of the chip which 1s,
a priori, rectangular requires the package to have a rectangu-
lar shape, which 1s neither ergonomic nor comfortable for the
patient.

The present invention 1s primarily concerned with radio-
logical imaging sensors that include a connection cable and
are not wireless, but the same concepts can be applied to
wireless sensors as well. Because of patient discomiort dur-
ing imaging ol speciiic anatomic areas like standard bitewing
or periapical views for periodic recall radiographs, there 1s
much room and a long felt need for improvement in the design
of such sensors. It 1s this problem, of patient discomiort, to
which this mvention 1s primarily directed. If the design of
radiological 1image sensors 1s improved, with greater patient
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comiort, they will be easier to work with, potentially yielding
better radiographs, with all of the concomitant benefits that
can be obtained by improved dental diagnostic procedures,
thus benefiting not only patients and the dental industry, but
also society as a whole.

SUMMARY OF THE INVENTION

The present invention 1s generally directed to aradiological
imaging sensor which comprises 1n part an electronic sub-
strate and an 1imaging chip held within a housing, the imaging
chip having electronics that create a dead space on the surface
area adjacent to the active area which includes two corner
portions ol added local free space.

A cable 1s attached to the housing at a cable button con-
nector on the non active side of the sensor, the dead space
located along the short distal side of the generally flat rectan-
gular sensor opposite the short mesial end at which the cable
exits the cable button connector.

This mesial imaging area 1s crucial for imaging the distal
aspect of the canine teeth and the mesial aspect of the first
premolars 1n the bitewing radiograph.

In one group of separate aspects of the present invention,
the mesial side of the sensor either does not have a dead space
created by electronics of the imaging chip or the dead space
found on the mesial side of the sensor 1s less than approxi-
mately 4 mm, and preferably, approximately 2 mm or less,
except for the two comer portions of added local free space.

In another group of separate aspects of the present inven-
tion, the cable 1s a tlat cable with a length of approximately
but not limited to one meter or less that can be connected to a
round cable by a cable connector and the cable button con-
nector 1s mounted to the housing more distant to the mesial
side than to the distal side.

Accordingly, 1t 1s a primary object of the present invention
to provide an improved intraoral radiographic sensor that can
be used to obtain better radiograph 1images of some teeth.

This and further objects and advantages will be apparent to
those skilled 1n the art in connection with the drawings and the
detailed description of the invention set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial assembly view that illustrates a prior art
radiological image sensor and 1ts primary components. FIG.
1A 1s a photograph of a prior art radiological image sensor
showing the orientation between distal and mesial and FIG.
1B 1s a radiograph of the sensor shown in FIG. 1A that
illustrates the dead space on the mesial end of a typical tra-
ditional sensor.

FIG. 2 15 a side view of a sensor showing a cable button
connector located more proximate 1ts distal side than 1its
mesial side.

FIG. 3 1s a top view cutaway of the sensor of FIG. 2
showing certain aspects of a sensor 1n accordance with a
preferred embodiment of the present invention, flat cord exit-
ing the sensor button at a more distal position, with the sensor
dead space located at the distal end of the sensor.

FIG. 4 illustrates typical loss of imaging area due to dead
space for sensor electronics for a typical digital sensor.

FIG. 5 illustrates one embodiment of a flat cable useful 1n
a digital sensor according to the present invention.

FIGS. 6 and 7 illustrate sensor internal free space and
shock absorber area 1n a radiological image sensor while FIG.
8 illustrates an improved embodiment of such a sensor 1n
accordance with the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

The following glossary 1s used for the Figures and descrip-
tion which follows herein:
Glossary
1 radiological image sensor
2 electronic substrate
3 imaging chip
4 fiber optic face plate
5 CSI scintillator
6 cable
8 dead space attributable to shock absorption material and
housing,
9 dead space attributable to electronic components 31
10 cable side housing
11 cable button connector
15 front side housing
21 electronic components
22 ceramic material

31 electronic components
40 flat cable

41 round cable
42 connector
CS cable side
DS distal side
FS front side
MS mesial side

FIG. 1 1llustrates a prior art radiological image sensor 1 that
has a cable side housing 10 connected to a front side housing
15 with a cable 6 running out of cable button connector 11 1n
front side housing 15 toward mesial side MS of sensor 1.
Inside the housing, moving from cable side CS down to front
side FS, are an electronic substrate, shown generally as 2
(preferably comprised of electronic components 21 mounted
on the cable side of ceramic material 22), an 1imaging chip,
shown generally as 3 (preferably a CMOS 1mmaging chip), a
fiber optic face plate, shown generally as 4 (which functions
as an x-ray filter for improved noise reduction), and a CSI
scintillator, shown generally as 5 (optimized for resolution
and low noise).

Sensor 1 has a generally rectangular shape, as illustrated 1n
FIG. 1. For purposes of the present invention, the shorter sides
ol the rectangle will always be defined by the direction 1n
which cable 6 exits cable button connector 11. Mesial side
MS (see FIG. 1) will always be defined as the side toward
which cable 6 exits cable button connector 11 while distal
side DS will always be defined as the side opposite which
cable 6 exits cable button connector 11, even 1f cable button
connector 11 1s not centered 1n cable side housing 10 (see
FIG. 2).

In accordance with the present invention, 1t 1s especially
preferred that cable button connector 11 be located more
proximate distal side DS than centered (see FIG. 2). The
reason such placement is preferred 1s that 1t allows more room
for cable 6 coming out of cable button connector 11 to twist or
turn when the sensor 1s used 1n some locations of a patient’s
mouth, thus reducing stress on the connection between cable
6 and cable button connector 11, which must be watertight.

In typical prior art sensors, electronic substrate 2 has a
shock absorption material (not shown) around the periphery
of ceramic material 22. The space occupied by shock absorp-
tion material, as well as space occupied the sensor housing,
(once cable and front side housings 10 and 15 are assembled
together), creates a dead space 8 (see FIG. 3) 1n which a
radiographic 1image 1s not obtained, and the size of this dead
space will typically be no less than 2 mm. In addition to dead
space 8, a second dead space 9 1s created by electronic com-
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ponents 31 located on mesial side MS of imaging chip 3 in
presently available sensors, which can represent another 4
mm or more of additional dead space.

The combined effect of dead spaces 8 and 9 in currently
available 1ntraoral radiographic sensors 1s an inability to
duplicate the same coverage area 1n a patient’s oral anatomy
as x-ray film when placed in the exact same position relative
to the patient’s teeth. This problem 1s due to the intrinsic
design and layout of all digital intraoral sensors, with regard
to the placement of the dead space, which 1s created as a
by-product by parts of the electronic on the sensor. Signifi-
cantly, this 4-8 mm dead space 1s approximately the width of
half to a whole canine, or premolar tooth, as shown 1n FI1G. 4.

FI1G. 41llustrates a coverage Area A for a standard premolar
bitewing film radiograph. Within Area A, at 1ts mesial side, 1s
another Area B. Area B 1llustrates a typical loss of 1maging
area due to dead space for sensor electronics for a digital
sensor. Accordingly, FIG. 4 illustrates that if a digital dental
sensor 1s placed in the exact position as the x-ray film, the
resultant 1mage will not show the first 4-8 mm of the mesial
end of the patient’s anatomy.

However, 1n accordance with one aspect of the present
invention, dead space 9 1s moved to distal side DS of imaging
chip 3 so that any dead space located on the mesial side of the
sensor 1s kept to a bare minimum attributable solely to shock

absorption material and the housing. Such a sensor design 1s
shown 1n FIG. 3 which 1llustrates a cable side view of an
clectronic substrate 2 according to the present invention with
dead space 9 being located at distal side DS, not mesial side
MS. For purposes of orientation, cable 6 and cable button
connector 11 are shown as trace lines 1n FIG. 3.

Locating dead space 9 at distal side DS, contrary to current
practices and traditional wisdom, allows a dental practitioner
to capture images not currently obtainable because Area B of
FIG. 4, which represents a loss of imaging area due to dead
space, 1s minimized, thus allowing greater capture of teeth
located 1n the mesial area of a radiograph capture, which 1s
especially important when a bitewing or periapical radio-
graph 1s being taken of the canine and premolar teeth.

In this regard, some of the most paintul radiographs cap-
tured are the premolar bitewing and posterior periapical
views. The reason these radiographs are painful to take 1s that
the imaging plate, whether a film or a sensor (which 1s stifier
and can cause more pain), must be located such that its mesial
end 1s placed as far forward 1n the patient’s mouth as possible
to capture the distal aspect of the canine teeth and the mesial
aspect of the premolar teeth 1n a bitewing or periapical view
radiograph; and once the patient bites down the edges of the
film or sensor dig into the tissue on the anterior ascending
aspect of the maxillary palate or the lingual aspect of the
anterior mandibular region; thus often causing pain when the
mesial aspect of the digital sensor 1s impinging against these
very sensitive anatomic regions during a radiographic exam.
When a radiograph 1s being taken with a sensor with a cord,
the sensor must be inserted to that the distal end 1s located
towards the distal aspect of the teeth being imaged and then
the mesial end 1s located at most mesial aspect of the teeth
being 1imaged. By minimizing dead space at the mesial end
MS of a sensor, the procedure for obtaining a radiograph of
the patient’s posterior teeth 1s far more comifortable and less
painiul, and better results are obtained.

Accordingly, a sensor in accordance with the present
invention, in which dead space 1n 1ts mesial end 1s minimized,
represents a significant advance over the prior art and allows
dental practitioners to obtain much better radiographs of all
teeth being radiographed.
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Another aspect of the present invention focuses on mini-
mizing discomiort associated with obtaining radiographs of
teeth with radiological image sensors that include a connec-
tion cable by changing the shape of the connection cable from
round or circular to an asymmetric shape that 1s substantially
wider than its height, preferably at least two or more times
wider than 1ts height, examples of which might be ovoid or
flat. Such an i1mproved cable, for the remainder of this
description, will be referred to as a flat cable.

A flat cable according to the present invention will be easier
to fit to a patient’s mouth while certain radiographs are taken
because 1t reduces cord bulk and bite interference. Rather
than having to bite down with a circular cord running out
between the patient’s teeth, the patient will now have to bite
down on a flat cord that creates less of a gap between teeth,
thus increasing comiort and 1imaging coverage of the sensor.
Also, use of a flat cord may reduce the thickness of cable
button connector 11, which should also increase patient com-
fort and easier placement of the sensor 1n the patient’s mouth.

Accordingly, a sensor 1 accordance with the present
invention, i which a flat cord 1s implemented represents a
significant advance over the prior art and allows dental prac-
titioners to obtain much better radiographs of all teeth being,
radiographed and increased patient comiort.

Current connection cables are round and designed to meet
applicable standards for USB connections as well as UL and
other applicable standards. The desire to meet USB standards
stems, at least in part, for ease of use and the ability to quickly
and easily connect with computers.

A flat cable suitable for use in the present mnvention can
meet USB standards, but 1t need not necessarily do so. The
key design criteria 1s to reduce the thickness of the flat cable
that must fit between upper and lower teeth when certain
radiographs are being taken.

One possible alternative of a flat cable suitable for use in
the present invention uses a short flat cable 41, with a length
of approximately one meter or less (not shown to scale), that
can be connected to a round USB compliant cable 42 by a

small connector 43, an example of which 1s illustrated in FIG.
5.

Such a design has several advantages. First, 1t provides
electrical 1solation. Second, 1t allows for ease of conversion to
USB. Third, 1t provides a more easily replaceable and/or
repairable cord, because the longer cord can easily be
replaced.

When a flat cord 1s combined with reduced dead space in
the mesial end of a sensor, the result 1s a much 1mproved
sensor which provides increased comiort 1 a patient’s
mouth, improved image coverage at the mesial end, reduced
stress on the cord attachment to the sensor housing, improved
cord durability and reduce cord bulk and interference.

Another improvement in a radiological imaging sensor
will now be described.

As has already been mentioned, the present invention 1s
generally directed to a radiological imaging sensor which
comprises an electronics substrate and an 1maging chip held
within an external housing or shell, the imaging chip having
a specific shape and size. The shape of the electronic substrate
will dictate the general shape and dimensions of the external
housing or shell and i1t’s internal dimensions. Inside the sen-
sor shell there 1s also internal free space for the mounting of
shock absorbing structures and for the compression of the
shock absorbing structures and resultant movement of the
clectronic substrate when the sensor 1s subjected to shock. In
particular, the scintillator layer on the electronic substrate 1s
very sensitive to shock, which can result 1n irreversible dam-
age and result a concomitant defect in the radiographic image.
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6

Traditionally, to increase the free space that surrounds the
delicate electronics designers uniformly increase the entire
internal and external dimensions of sensor housing 1n order to
maintain uniform rectilinear dimensions of the overall sensor
package. Such an approach i1s easy to design and easy to
tabricate. However, shock damage to the scintillator layer 1s
usually limited to the four corners of the electronic substrate,
and specifically to the two corners located at the sensor’s
distal end. This 1s mainly due to the fact that the sensor has an
attached cable, therefore, when the sensor 1s accidentally
dropped, the end which will impact first 1s usually biased
toward the distal (non cable end) of the sensor and usually
impacts on the corner. Traditionally, this type of scintillator
damage can be reduced by increasing the internal free space
between the electronic substrate and the internal sides of the
sensor shell which will result in an increase of the overall size
of the sensor shell. Because this type of damage tends to be
biased to the two distal corners, a sensor shell design that
increases the free space only 1n a local region adjacent to the
corners ol the electronic substrate can decrease the probabil-
ity of shock damage without increasing the overall size of the
sensor shell. This local increase of the free space at two or
more corners of the sensor shell can be achieved by either
increasing both the external and internal dimension (resulting
in a local bulge of the sensor housing such as 1s 1llustrated 1n
FIG. 8), or only 1n the internal dimension of the sensor shell
(resulting 1n no external bulge 1n the sensor housing but rather
an internal expanded pocket). This concept of local bulging or
internal pocketing of the sensor housing can be applied to
other sensitive structures on the electronic substrate such as
on the flat back surface holding delicate electronics.

While the invention has been described herein with refer-
ence to certain preferred embodiments, those embodiments
have been presented by way of example only, and not to limit
the scope of the invention. Additional embodiments thereof
will be obvious to those skilled 1n the art having the benefit of
this detailed description.

Accordingly, 1t will be apparent to those skilled 1n the art
that still further changes and modifications 1n the actual con-
cepts described herein can readily be made without departing
from the spirit and scope of the disclosed inventions.

What 1s claimed 1s:
1. A radiological image sensor, comprising:
an electronic substrate and an 1imaging chip held within a
housing, said imaging chip having electronics that create
a dead space; and

a cable attached to the housing at a cable button connector;

wherein the sensor has a generally rectangular shape with
a short mesial side toward which the cable exits the cable
button connector and a short distal side opposite which
the cable exits the cable button connector; and

wherein the dead space 1s created 1n the distal side of the
sensor and the dead space 1includes two corner portions
of added local free space.

2. The radiological image sensor of claim 1, wherein the
mesial side of the sensor does not have a second dead space
created by electronics of the 1maging chip.

3. The radiological image sensor of claim 1, wherein the
sensor has amesial side dead space of less than approximately
4 mm.

4. The radiological image sensor of claim 1, wherein the
sensor has a mesial side dead space of approximately 2 mm or
less except for the two comer portions of added local free
space.

5. The radiological image sensor of claim 1, wherein the
cable 1s a flat cable.
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6. The radiological image sensor of claim 5, wherein the
cable button connector 1s mounted to a cable side of the
housing more distant to the mesial side than to the distal side.

7. A radiological image sensor, comprising;

an electronic substrate and an 1maging chip held within a

housing, said imaging chip having electronics that create
a dead space; and
a cable attached to the housing at a cable button connector;
wherein the sensor has a generally rectangular shape with
a short mesial side toward which the cable exits the cable
button connector and a short distal side opposite which
the cable exits the cable button connector; and

wherein a majority of the dead space 1s created 1n the distal

side of the sensor.

8. The radiological image sensor of claim 7, wherein the
mesial side of the sensor does not have a second dead space
created by electronics of the 1maging chip.

9. The radiological image sensor of claim 7, wherein the
sensor has amesial side dead space of less than approximately
4 mm.

10. The radiological image sensor of claim 7, wherein the
sensor has a mesial side dead space of approximately 2 mm or
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less except for the two comer portions of added local free
space.

11. The radiological image sensor of claim 7, wherein the
cable 1s a flat cable.

12. The radiological image sensor of claim 11, wherein the
cable button connector 1s mounted to a cable side of the
housing more distant to the mesial side than to the distal side.

13. A method for capturing a premolar bitewing or poste-
rior periapical view radiograph through use of an intraoral
radiological 1maging sensor having an imaging chip held
within a housing, comprising the steps of:

locating the intraoral radiological imaging sensor such that

its mesial end 1s placed as far forward 1n the patient’s

mouth as possible to capture the distal aspect of the

canine teeth and the mesial aspect of the premolar teeth

in a bitewing or periapical view radiograph; and
obtaining the radiograph;

wherein there 1s substantially no dead space at the mesial

end of the intraoral radiological imaging sensor due to
imaging chip control electronics for an active pixel array
of the 1imaging chip.
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